CHAPTER ONE

Fundamental concepts of heat transfer 
The heat is the form of energy that can be transferred from one system to another. The heat transfer is the energy that results from a temperature difference. Whenever there exists a temperature difference in a medium or between media, heat transfer must occur. We refer to different types of heat transfer processes as modes. These modes are heat radiation, heat conduction and heat convection. All surfaces of finite temperature emit energy in the form of electromagnetic waves. See for example
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1.1   Radiation

Thermal radiation is the energy emitted by matter that is at a finite temperature.  Although radiation occurs from solid surfaces, it occurs also from liquids and gases. Thermal radiation is transmitted through a vacuum since the sun's energy emits millions of kilometers of space before reaching the earth.     
Assume a solid that is initially at a higher temperature Ts than that of its surroundings temperature 
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 is the temperature of the surroundings, but around which there exists vacuum. However, it's obvious that the solid's temperature Ts will cool and finally achieve thermal equilibrium with its surroundings. This cooling is associated with a reduction in the internal energy stored by the solid and is a direct consequence of the emission of thermal radiation from the surface. However,  if 
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 the  net   heat  transfer  rate by  radiation  Q is from the surface to the surroundings, and the surface will cool  until  Ts reaches 
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Thermal radiation is emitted by all surfaces that surround us: by the walls of the room, the furniture if we are inside, or by the sun, buildings, cars and the ground if  we  are outside. The mechanism of emission is related to energy   released as a result of many electrons that constitute matter. These oscillations are, in turn, obtained by the internal energy, and therefore, the temperature, of the matter. Hence, we associate the emission of   thermal   radiation with thermally excited conditions within the matter. All forms of matter emit thermal   radiation. For gases and for semitransparent solids, such as glass and salt crystals at elevated temperatures, hence emission is a volumetric phenomenon. That is radiation emitting from a finite volume of matter is the integrated effect of local emission   throughout the volume. However, in this thesis, we will concentrate on situations for which radiation   is surface phenomenon. Accordingly, radiation that is emitted from a solid or a liquid originates from molecules that are within a distance of approximately 1 μm from the exposed surface, where 1 μm=10-6   m. Because of this reason, mission from a solid or a liquid into a gas or a vacuum is called a surface phenomenon.
Since radiation transport does not require the presence of any matter, one theory viewed radiation as propagation of electromagnetic waves like radio waves and X- rays. The other    theory in the twentieth century states that radiation is composed of particles called photons.   In any case the two properties of waves, frequency υ and wavelength λ are related by 
             c =     υ λ                                                                                               (1.1.1)

 Where c is the speed of light in the medium.  The speed of light in a vacuum, c0=2.998x108 m/s.           


The unit of wavelength is commonly the micrometer (μ m). The  short   wavelength   gamma (γ )  rays,  X- rays and  ultraviolet ( UV ) radiation  are primarily  of   interest  to  the high  energy  physicist, medicine and  the nuclear engineer, while the long wavelength microwaves and radio waves are of concern to  the  electrical    engineer. Thermal radiation emitted by a surface includes a range of wavelengths.

There are many applications for radiation in biological field, when radiation passes through living cells; it can damage their structure which causes death of them and consequently death of the organism. The most rapidly growing cells are immature cells; often cancer cells are rapidly growing which are highly affected to radiation. In one study it was found that children whose mothers received X- rays during pregnancy had a 
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 increase in the incident of cancer. In medical researches, amino acids, sugars, DNA and penicillin are a few of hundreds of medical compounds containing 
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 The radioactivity of these elements makes it possible to follow their pathways and metabolism conveniently.            

The flux at which radiation may be emitted from a black surface is given by the Stefan _ Boltzmann Law: 
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Where Ts the absolute temperature of the surface, σ is the Stefan _Boltzmann constant   which has the value σ =5.67 x 10-8 (w/m2.k4 ). Such a surface is called ideal radiator. The heat flux emitted by a real surface is less than that and is given by
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Where ε is the emissivity of the surface, with  0 ≤  ε  ≤ 1,  for black bodies , 
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Where 
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 is the emittance of any surface which is always less than the emittance of black surface  
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 which proves that  0 ≤  ε  ≤ 1.  Conversely, if radiation is incident upon a surface, a portion will be absorbed. On the other hand, the rate at which energy is absorbed per unit surface area termed the absorptivity α. See for example
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Where 
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 is the absorbed radiation, 
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 is the incident radiation, and  0 ≤ α ≤ 1, whereas the  emission reduces the thermal energy of matter, but absorption increases this energy. Equation (1.1.4) determines the rate at which radiant energy is emitted and absorbed respectively at a surface. Determination of the net rate at which radiation is exchanged between surfaces is generally good to deal with. The special case occurs frequently in practice involves the net exchange between a small surface and a much larger surface that completely surrounds the smaller surface. This is what we will introduce in chapters two and three. See for example
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The surface and the surroundings are separated by a gas has no effect on the radiation transfer. Assume a grey surface that has the property α = ε. The net rate of radiation exchange between the surface and its surroundings is given by
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Where A is the surface area, ε is its emissivity, 
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 is temperature of the surface and  
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 is temperature of the   surroundings. 

There are many applications for which it is convenient to express the net radiation heat exchange in the form
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Where  
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 is the radiation heat transfer coefficient 
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                                                                        (1.1.7)         
The total emissivity ε of a surface is determined only by the physical properties and temperature of that surface. The total absorptivity α on the other hand depends on the source from which the surface absorbs radiation as well as the surface's own characteristics. This happens because the surface may absorb some wavelengths better than others. Thus, the total absorptivity will depend on the way that incoming radiation is distributed in wavelength. And that distribution, in turn, depends on the temperature and  physical   properties  of  the  surface  or  surfaces  from  which  radiation is  absorbed . The total absorptivity α thus depends on the temperature and physical properties of all bodies involved in the heat exchange process. 

There is a relationship between the emissivity and the absorptivity for a surface that is in thermodynamic equilibrium with its surroundings in which   Kirchhoff's law deals                            
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Where 
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 is angle   between the incident rays and the normal line with 0 < 
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 is the angle  at the base of the hemisphere  with 0 < 
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 are the  emissivity and the absorptivity for the surface respectively  and T is the surface temperature.
Kirchhoff's law states that a body in thermodynamic equilibrium emits as much energy as it absorbs in each direction 
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.  If this were not so, for example, a body might absorb more energy than it emits in one direction
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, and might also emit more than it absorbs in another direction, 
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. Then the  body  would  thus  pump   heat out of its surroundings from  the  first  direction , θ1 , and  into  its  surroundings  in the  second   direction , θ2 . See for example
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For a diffuse body, the emissivity and the absorptivity do not depend on the angles, and  

Kirchhoff's law becomes   
             ε λ(T)   =      α λ(T)                                                                                          (1.1.9)            
If, in addition, the body is grey, Kirchhoff's law is further simplified   
             ε (T) =   (T)                                                                                                    (1.1.10 )

Equation (1.1.10 )  is the most widely used form of Kirchhoff's law. However, this form is not valid if surfaces are not grey. 

 1.2   Conduction

Conduction may be viewed as the transfer of energy from the higher energetic to the lower energetic particles of a substance. Conduction in the case of gases and liquids takes place as a result of the diffusion and collisions of the material molecules during its random motion. However, in solids conduction occurs as a result of vibrations of the molecules at fixed positions called a lattice vibration and as a free flow of electrons. Thermal conduction needs the presence of medium. In solids, molecules have greater energies with high temperature, but in fluids, the thermal energy incident in molecules. The movement of these molecules from high   temperature places to the lower places formed a flow of heat. The rate of heat conduction depends on many factors such as the geometry of the medium, its thickness, the material of the medium and the temperature difference a cross the medium. See for example
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For heat conduction, the rate equation is known as Fourier's law expressed algebraically as
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Where K is the thermal conductivity of the material which is a measure of the ability of a material to conduct heat and is given in tables
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 is the temperature gradient, which is a vector quantity curve on a 
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diagram. In fact equation (1.2.1) can be further expressed as 
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Where T1 and T2 are the temperatures of the surfaces of the wall, and L is the thickness of the wall. In general, metals are good conductors. Copper is the common substance with highest conductivity at ordinary temperature which value is 401W/m.0C which means that  the wall of copper of thick  1 m  can conduct heat at a rate of 401 W/m.0C a cross the wall. Note that there are good electric conductors and heat conductors such as copper, silver which have high values of thermal conductivity. On the other hand, there are poor conductors such as rubber and wood which have low conductivity values. The thermal conductivity of materials vary over a wide range as noted in the table
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. The thermal conductivity of gases are too smaller than metals like copper. Note also metals have the highest thermal conductivity and gases the lowest thermal conductivity. Pure metals have high  thermal conductivity, alloy metals should also have high conductivity, where the alloy is made up of two metals of thermal conductivities k1 and k2 to have a conductivity k, where k between k1 and k2 in some cases, usually, the thermal conductivity of an alloy is much lower than that of either metals. For example, the thermal conductivity of steel containing 1 percent of chrome is 62 W/m.0C, while the thermal conductivities of iron and chromonium are 83 and 95 W/m.0C respectively. The thermal conductivity is normally highest in solids phase and lowest in gases phase. There are metals which are good heat conductors but poor electrical conductors, such as silicon, such materials find wide spread use in electronics industry.                    
There are many examples. The exposed end of a metal spoon suddenly immersed in a cup of hot coffee will eventually be warmed due to the conduction of energy through the spoon. On winter day, there is significant energy loss from a heated room to the outside air. This loss is due to conduction heat transfer through the wall that separates the room from the outside air. For more examples see
[image: image48.wmf][

]

4,7

.
1.3   Convection

The convection heat transfer mode is obtained by random molecular motion and by the bulk motion of the fluid within the boundary surface with different temperatures. The contribution due to random molecular motion occurs near the surface where the fluid velocity is low. In fact, at the   interface between the surface and the fluid closed to the surface, the fluid velocity is zero and heat transferred by random molecular motion only.

Convection heat transfer may be classified according to the nature of the flow. There is    forced convection when the flow is caused by external means, such as by a fan to provide forced convection  air  cooling  of hot  electrical  components, and  there is  free (natural )  convection in which the  flow is  induced by buoyancy forces which arise from density differences caused by temperature  variations in the fluid. The convection heat transfer is given as
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Where q the convection heat flux which is proportional to the difference between the surface and fluid temperatures Ts , T∞ respectively and h is the convection heat transfer coefficient. This expression is known as Newton's of cooling, h depends on the boundary of the layer, which is influenced by surface geometry, the nature of the fluid motion, and on assortment of fluid thermodynamic and transport properties. In the solution of such problem we assume h to be known. When equation (1.3.1) is used, the convection heat flux is positive when (Ts ≥ T∞) and negative when (Ts ≤ T∞). There are many examples of heat convection; one of them is the movement of water through the solar panels on top of our houses. 

The total heat transfer rate Q may be obtained by integrating the local  flux over the entire surface, that is
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But 
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Defining an average convection coefficient 
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  for the entire surface, the total heat transfer rate may be expressed as 
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Hence the average and local convection coefficients are related by
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Substituting    equation (1.3.4) into   (1.3.6)    we obtain
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Note that for special case of flow over a flat plate with length L, h varies with the distance      
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The surface within the surroundings may also simultaneously transfer heat by convection to the adjoining gas. The total rate of heat transfer from the surface is then the sum of the heat rates due to the two modes. That is 
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CHAPTER TWO
Configuration factor for radiant black surfaces

A blackbody is a body that can emit the maximum amount of radiation by the surface at a given temperature. Or it is defined as a perfect absorber and emitter of radiation. At a given temperature no surface can emit more energy than a black body. A blackbody absorbs all incident radiation with all wavelengths and radiation. Also black bodies emit radiation uniformly in all directions that is; a blackbody is a diffuse emitter. Any body that absorbs light completely would appear black to the eye. On the other hand, any surface that reflects it completely would appear white. Consequently, some surfaces such as snow and white paint reflect light and thus appear white. But they are black with respect to the infrared radiation since they absorb the radiations. The blackbody properties can be summarized in                

1- Black surfaces are completely absorbers, which simplifies the energy exchange process, since there is no reflected energy to be considered.

2- All black surfaces emit in a perfectly diffuse fashion. For more
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Definition: A configuration factor is a fraction of radiation leaving one surface reaches another surface, denoted by   
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Where 
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 Now, we will illustrate the calculation of configuration factor in the following cases
2.1  Configuration factor  between two differential elements
Assume   there is a differential element dA
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 with temperature T
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[image: image71.wmf]2

 with temperature T
[image: image72.wmf]2

 in 
[image: image73.wmf]3

R

as shown in figure (2.1), then the configuration factor is derived from the definition as:
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Where 
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 is the angle between S and the normal to 
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 Equation (2.1.2) shows that 
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Where 
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Where β is the angle in the Y – Z plane, L is the distance between dA
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 as shown in figure (2.1). 

We can further illustrate the computation of the configuration factor   between differential elements by the following example.
Example 2.1
The configuration factor between differential element and an infinitely long strip of differential width as shown in figure   (2.2)
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Our integral is improper with symmetric integrand, equation (2.1.10) can be written as                                           
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Let  
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Simplifying by using some mathematical relations we obtain      
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Taking the limit of 
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2.2 Configuration factor between a differential element and a finite area 
Suppose now an isothermal black element dA1 at T1 exchanging energy with a surface of finite area A2 that is isothermal at temperature   T2 as shown in figure (2.3) the angle 
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Here, there are two configuration factors, the configuration factor Fd1-2 is from the differential area dA 
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  to finite area A2 and 
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, we can derive the configuration factors using the definition as
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Integrating over A2 to obtain
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Hence,
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Equation (2.2.2b)  shows the fact that the fraction of the energy reaching A2 is the sum of fractions that reach all of the parts of A2.

The energy reaching an element area  
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The total energy leaving A2   is
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The   configuration factor  
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Note that there is a symmetry (reciprocity) relation for configuration factor between differential element and a finite area, that is
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The energy radiated from 
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The energy radiated from 
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Consequently, the net energy transfer from dA1 to A2 is
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or
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Example 2.2
An elemental area 
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 is oriented perpendicular to a circular disk of finite area 
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Using equation (2.2.2), and the following relations
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Where 
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And hence we obtain
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As shown in figure (2.4) with 
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  and by the symmetry of   configuration factor then equation (2.2.11)    becomes
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2.3 Configuration factor between two finite areas
Suppose there are two finite areas 
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 and 
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 configuration factors for radiation emitted from an isothermal surface A1 as shown in figure (2.5) and reaching A2, 
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The total energy leaving A1 is 
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If we integrate equation (2.3.1) over both A1 and A2 and then divide by  
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 we will obtain the fraction of energy leaving A1 reaches A2 as
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Similarly, one can show that
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As noted there is symmetry relation between configuration factors, that is  
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Depending on the previous three cases, one can determine the configuration factor for any two surfaces, such that if  
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This enables us to derive an expression for 
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 Where A1 and  A2  are the outer and the inner areas of the ring respectively.

Sometimes we may need to use set theory notations, if we have two areas A1, A2   the configuration factor   from an area AE  to  
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The relation can be cleared by knowing that the fraction of energy leaving    AE  is incident upon  
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  can be divided into two fractions. Once leaving    AE   incident upon   A1, the other leaving  AE incident upon A2. However, the portion  
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, for example    the configuration factor    between   AE    and the L-shaped area.
2.4 Configuration factor   in arbitrary convex enclosures
For an enclosure of   N surfaces shown in figure (2.7), the entire energy leaving any   surface inside the enclosure, say Ak, must be incident on all the surfaces making  up the enclosure. Thus, all the fractions of   the energy leaving   any surface reaching the surfaces of the enclosure must total to unity, that is  
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Or
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Where k=1,2,3,4, ….. N ,   
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 is included if   AK   is concave.

Example 2.4
We consider two black isothermal concentric spheres that exchange radiant energy, where A1 is the surface area of the inner sphere,   A2  is the surface area of the outer sphere  as shown in  figure  (2.8 ) , the configuration factor can be computed as follow:
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Since all the energy leaving A1 is incident upon A2 only that is 
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and by symmetry relation, we get
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also by equation (2.4.1) we obtain
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Example 2.5
An enclosure of triangular cross section is made up of three plane plate. Each of finite width and infinite length as shown in figure (2.9), we can derive an expression for the configuration factor between any two of the plates in terms of their widths L1, L2 and L3 .

For plate 1,
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Using similar relations for each plate and multiply through by the respective plate areas:
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By applying the symmetry relations 
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Subtract the third from the second adding to the first we obtain
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If   
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2.5 Another approach for evaluating the configuration factor   

There are many methods for evaluating the configuration factor. We will take one of them called "the unit - sphere method ". This method can determine the configuration factor by constructing a hemisphere of unit radius over the area element
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Where 
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Where  
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Where 
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This relation can be further extended to any arbitrary hemisphere of radius
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2.6 Using the configuration factor for evaluating the radiation exchange
We can use the configuration factor for evaluating the Radiation exchange by taking the difference between the emitted from the surfaces. 
 2.6.1 Radiant exchange between   two finite  black areas
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 So the net heat transfer from 
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2.6.2 Radiation exchange in black enclosure 

Consider a black enclosure with a typical  surface 
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Where the energy arriving from  
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Simplifying equation (2.6.2.2) , we obtain
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This relation indicates that the heat balance is the net energy transferred from the surface area 
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to each surface in the enclosure.

Example 2.6
The three sided black enclosure has it's surfaces maintained at 
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  respectively, we can determine the amount of energy that must be supplied to each surface per unit time. Equation (2.6.6) can be written for each surface as
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All factors on the right hand side of these equations are known, and so the Q values may be computed. Using the symmetry relations on the set of Q equations, we obtain
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On the right hand side of equation (2.6.2.7) three terms will cancel the others and hence  
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, which  supports  numerically the energy conservation.

CHAPTER THREE

Configuration factor for radiant grey surfaces

The analysis of radiation transfer in enclosures consisting of non black surfaces is more complicated than what we have seen in chapter two. Here a multiple reflections will occur. But radiation analysis is simplified by assumptions. It is common to assume the surfaces of an enclosure to be grey, diffuse and opaque. That is, the surfaces are diffuse emitters and diffuse reflectors and their radiation properties are independent of wavelength. In addition, each surface of the enclosure is isothermal. Moreover, the incoming and out coming radiation are uniform over each surface of the enclosure. (For example see
[image: image239.wmf][20] 

)        

In this chapter methods were developed for treating energy exchange within enclosures having grey surfaces. The surfaces may be of finite or infinitesimal size. Since a gray surface is not a perfect absorber, part of the incident energy on a surface is reflected. With regard to the reflected energy, there are two assumptions: 

1- The reflected energy of grey surface is diffuse i.e there is a reflected energy in all directions of the boundary uniformly.
2-  It is uniform over all surfaces of the enclosure.

The reflected and emitted energy can be combined into single energy quantity leaving the surface. Fore more see [20].   
"The enclosure boundary is composed of areas, so that over each of these areas the following restrictions are met:

1- The temperature is uniform. 

2- 
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 is the reflectivity.
3- All energy is emitted and   reflected.

4- The incident and reflected energy flux is uniform over each individual area" 
3.1     Radiation exchange between finite areas
A complex radiative exchange occurs inside the enclosure when radiation incident from  a surface say 
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travels to the other surfaces, part of these are reflected and  then re–reflected many times, as shown in the figure (3.1). Assume the 
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of the enclosure. The heat balance at the surface area 
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Where Qk is the net radiative loss from surface k to other surfaces of the enclosure, 
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 is the rate of the outcoming radiant energy from 
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 is the rate of the incoming radiant energy to the surface area 
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. The energy flux leaving the surface is composed of directly emitted and reflected energy as
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But   
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  then equation   (3.1.2)    becomes    
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The incident  flux  
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 is derived  from the portions  of the energy  leaving the surfaces  in the  enclosure  that arrive  to the  
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 surface. The incident energy is then
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Where 
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 is the 
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 surface and j=I,2,3,……,N, using the symmetry relation of    configuration factor yields
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Simplifying, we get 
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Substituting equations   (3.1.3),   (3.1.6) respectively into   (3.1.1) we obtain
             
[image: image263.wmf]4

,

() 

1

k

kkkok

k

QATq

e

s

e

=-

-

                                                    (3.1.7 a)   
             
[image: image264.wmf],,

1

()

N

kkokojkj

j

QAqqF

-

=

=-

å

                                                       (3.1.7 b)      

These formulas provide 2N equations for 2N unknowns, where N belongs to the natural numbers. These 2N unknowns are
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. The following examples illustrate the use of these   equations.  
Example 3.1
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Consider two uniform temperature concentric grey spheres 
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 as in figure (3.2). We can derive an expression for the net radiation exchange between them. It is clear that 
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By symmetric relation we can compute 
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Substitute these relations   into equation (3.1.7) we obtain
For
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Similarly for   
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Since we have four equations for  four  unknowns, so we can solve for  
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  is a function of  T, so if  T1 and T2  are  given,  
[image: image286.wmf]1

e

  and 
[image: image287.wmf]2

e

  can be evaluated  then  it is easy to find  the   unknowns. Moreover the net heat transfer from 
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This is valid only if q , qi and qo are uniform over each  sphere 
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Example 3.2 

A completely enclosed grey isothermal body with surface area A1 and temperature T1 is enclosed by a much larger grey isothermal enclosure with surface area A2 with T2.  We can compute how much energy is being transferred from A1 to A2.

No part of A1  can emit to any part of  A1, hence F1-1=0, F1-2 =1,  F2-1  =
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  as shown in example 3.1. Using equation (3.1.10), and  
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Equation (3.1.11) shows that the net energy transferred is independent of the emissivity of 
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Example 3.3

Consider two infinite parallel plates A1 and A2 with temperatures T1 and T2   respectively. We can compute the net radiation heat exchange between them. Surely all the radiation leaving one plate will arrive to the other one, that is  
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Applying equations (3.1.7a) and (3.1.7b) for each plate:              
For plate 1
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 For plate 2    
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It is clear that 
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Where 
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Since 
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Example 3.4

Consider a long enclosure of three surfaces. We can evaluate how much heat has to be supplied to each surface to maintain the surfaces at 
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Solving for 
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Since the 
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can be determined at these certain
[image: image345.wmf]'

j

Ts

. These equations solved for required Q's supplied to each surface.   
3.2     Radiation exchange between infinitesimal   areas
Assume as before there is an enclosure  consists of N finite areas. These areas would generally be the major geometric division of the enclosure. Each of these areas is subdivided   into differential area elements. A heat balance on an element d Ak  located at a position  rk  is    
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The outcoming flux is composed of emitted and reflected energy
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The incoming flux is composed of the portions of the outgoing flux from the other area elements of the enclosure. Using integration to determine the total flux leaving the surfaces to  
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Substituting equations (3.2. 4) and (3.2.2) into (3.2.1) we obtain 
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These formulas provide 2N equations for 2N unknowns, where N belongs to the natural numbers. These 2N unknowns are 
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3.3 Heat transfer in arbitrary grey enclosure bodies 

We can also evaluate the heat transfer between any grey body enclosed by other grey body using equation (2.6.3b)
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Where        
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For the enclosed bodies
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Using equations (3.3.1)  and (3.3.2):
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We obtain                                
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Hence, we have
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By equation (3.3.2), we get
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Also by equation (3.3.2), if 
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3.4 Radiation shields    

A radiation shield is a surface that has high reflectance which is placed between a high temperature and other cooler. Let us now examine what happens to the emisivity 
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 in the presence of the radiation shields. Assume a grey body of area 
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Where 
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 is the added to the denomerator by the shield. If the radiation shield is high reflective it reduces    
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3.5 Solving equations in terms of outgoing radiation flux ( qo ) 
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This equation provides a relation between 
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and T along a surface. When 
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Since 
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Similarly, 
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CHAPTER FOUR

Investigation of the existence and uniqueness solution of the coupled conduction–radiation problem
The main goal of this chapter is to prove the existence and the uniqueness of a weak solution for the following proposed problem [16]. The existence of a solution will be proved by showing that our problem is pseudo-monotone and coercive. The uniqueness of the solution will be proved using an idea borrowed from the analysis of nonlinear heat conduction. For the sake of simplicity we will use the following notations:
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4.1   The mathematical model 

Suppose that  
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 is a union of two disjoint, conductive and opaque bodies surrounded by transparent and non–conductive medium. Moreover, we suppose that the radiative surfaces  
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 where k is the heat conductivity, n is the outward unit normal, g is the given heat generation distribution and q is the radiative heat flux, which is defined as the difference between the outgoing radiation 
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 T  is the absolute temperature and 
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Moreover, the outgoing radiation 
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  The integral operator 
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Where 
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Where, n(
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In the following we recall some properties of the operator K defined in (4.1.6) and the corresponding kernel 
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Lemma 4.1.1 [11] let 
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Where   
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Proof: First we choose a local coordinate system in the point 
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with an arbitrary constant 
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Hence this relation can now be applied to express area integrals in view factor Computations in terms of boundary integrals. To this end, we consider the surface Γ as shown in figure (4.1), let  Γγ = Z(x,γ)∩Γ be a small neighborhood of the point x, and define 
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where the first integral tends to zero for γ → 0 because of the weakly singular kernel
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using the fact that the area element is located at the origin of the coordinate system.With
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Since the second integral vanishes over the closed surface  
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Lemma 4.1.2 [11] For the integral kernel G(x , y), it holds that 
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4.2  Variational form 

In order to write (4.1.1)–(4.1.5) into variational form, we first assume that 
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where E is a linear operator from 
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Note that since the Stefan–Boltzmann law is physical only for non–negative value of temperature we can replace 
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where  
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Lemma 4.2.2  [16] The operator E can be written as E = I – F, where F is self–adjoint positive and  
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where F  is self–adjoint. The inverse term in F can be written as 
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As K  is positive, all terms in the series are also positive. This implies that F is positive. Since E is self–adjoint, then we can write
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Next, we show that 
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as F(a) = a for every constant a. Moreover, self–adjointness implies that
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4.3 Existence results  
In order to prove that the original boundary value problem has a solution, it is sufficient to prove that our problem is pseudo-monotone and coercive [23, 24]. To do that we introduce next the operator 
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Note that the space X is reflexive by the arguments given in [5]. To show that 
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Proof: One can write 
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is monotone then it is sufficient to prove that the mapping 
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The coercivity in 
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Under the assumption that 
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where 
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As S is compact then it can be expressed as an integral operator [6]. Moreover, one can write  FT  as 
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Using 
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let 
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Finally, assume  
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4.4  Uniqueness of the solution 
Theorem 4.4.1. [16]  Let 
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The next step is to estimate 
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and
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where 
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This leads to a contradiction. Similarly we can prove that 
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[image: image692.wmf](

)

(

)

.

,

)

(

2

1

2

3

2

1

3

1

1

1

1

2

1

2

1

2

1

2

m

y

y

x

y

y

y

y

e

e

e

e

e

e

d

T

T

T

T

E

s

d

T

T

T

T

g

g

x

d

T

T

a

x

d

a

p

p

j

i

j

i

j

i

j

i

ò

ò

ò

ò

G

G

-

-

W

W

-

+

-

-

ñ

-

á

=

¶

-

¶

=

¶

¶

    (4.4.4)   

The last term in (4.4.4) can be decomposed as 
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In fact the first term on the right–hand side is negative as 
[image: image694.wmf]0

2

3

2

1

3

1

³

-

T

T

T

T

and    
[image: image695.wmf]0

2

*

*

\

0

0

W

G

£

-

=

in

F

E

e

e

y

y

. To investigate the second term we observe 

           
[image: image696.wmf](

)

(

)

1

2

1

2

1

3

1

2

3

2

,

T

T

Q

T

T

T

T

T

T

-

£

-


where

           
[image: image697.wmf]3

2

2

3

)

,

(

y

y

x

y

x

x

y

x

Q

+

+

+

=

. Then

          
[image: image698.wmf](

)

(

)

(

)

(

)

,

,

5

0

0

0

\

*

1

2

1

2

\

*

1

3

1

2

3

2

\

*

2

3

2

1

3

1

e

e

e

e

e

m

e

e

e

y

e

m

y

m

y

m

y

g

d

F

T

T

Q

T

T

d

F

T

T

T

T

d

E

T

T

T

T

L

£

-

£

-

£

-

ò

ò

ò

W

W

W

W

W

W


where 

            
[image: image699.wmf](

(

)

0

0

,

4

5

1

2

®

®

=

e

m

e

as

T

T

Q

F

g

L


Thus 

            
[image: image700.wmf]e

e

e

e

e

m

y

e

y

y

f

g

x

d

a

L

j

i

j

i

-

£

¶

¶

ò

W

4

5


where 

             
[image: image701.wmf](

)

(

)

.

*

1

3

1

2

3

2

1

1

1

2

1

2

1

m

y

y

x

e

e

e

e

d

E

T

T

T

T

s

d

T

T

T

T

g

p

p

-

+

-

=

ò

ò

W

-

-

G


To derive (4.4.2) we observe that 
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Moreover, we can show that 
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Finally, we show that 
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The steps above imply that
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when 
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 is small enough. Hence 

               
[image: image710.wmf](

)

0

)

(

5

1

5

1

5

1

®

£

£

=

W

-

W

-

ò

e

e

e

m

e

y

e

m

e

e

m

g

d

L

.

This is a contradiction, since also 
[image: image711.wmf])

(

)

(

0

W

®

W

m

m

e

 > 0. Therefore 
[image: image712.wmf]0

)

(

0

=

W

m

. From this fact it is straight forward to conclude 
[image: image713.wmf]0

)

(

)

(

0

0

=

W

=

W

g

L

 .                  □                                      
References  

[1]   R. A. Bialecki, Solving heat radiation problems using the boundary element  

         Method, Computational Mechanics Publications, 1993.

[2]    Y. A. Cengel, Heat transfer a practical, 2nd edn. , Mc Graw Hill ,  2003.

[3]   R. Dautray and J. Lions, Mathematical analysis and numerical methods for 

         science and technology, Vol.3.  Spectral theory and applications. Springer–   

         Verlag, 1990.

[4]   D.P. De. Witt and F. Incorpera, Fundamentals of heat and mass transfer,  3rd edn.,    Wiley, 1990.   

[5]   H. Gajewski, K. Groeger and K. Zacharias, Nichtlineare operatorgleichungen und 

         operatordifferential–gleichungen, Academie–Verlag, 1974. 

[6]   D. Gilbarg and N. Trudinger, Elliptic partial differential equations of second 

         Order, Springer–Verlag, 1983. 

  [7]   J.P. Holman, Heat Transfer, 9th edn.,  Mc Graw Hill , 2002. 

[8]   M. Krizek and L. Liu, On a comparison principle for a quasilinear elliptic 

 boundary value problem of a nonmonotone type, Applications Mathematicae, 

 24(1): 97 – 107, 1996.

[9]   M. Laitinen and T. Tiihonen, Conductive-Radiative Heat Transfer in Grey 

          Materials, University of Jyvaskyla Laboratory of Scientific Computing. To appear.

[10]  J. H. Lienhad IV / John H. Lienhad V , A Heat Transfer Textbook, 3rd edn.,       Cambridge MA 02139-4307 U.S.A. August 17, 2003.

[11]   N. Qatanani, An analysis of the conductive –radiative heat transfer on a non-convex   enclosures, preprint Nr.1, Magdeburg University, January 2005.
[12]   N. Qatanani and I. Alzeer, Anew approach for the computation of the visibility

        function for heat radiation problem, International Journal of Mathematics and

        Computer Science, 2 (2007), no.1, 49 – 64.

[13]   N. Qatanani and I. Alzeer, On the applications of the boundary element 

          method and error analysis for three–dimensional heat radiation problem, 

          Jemta, Volume 1, 2007, 16 – 30.  

[14]   N. Qatanani and M. Schulz, The heat radiation problem: Three–dimensional 

         analysis for arbitrary enclosure geometries, Journal of Applied Mathematics,

         2004: 4 (2004) 311 – 330.

[15   N. Qatanani and M. Schulz, Precondtioned conjugate gradient method for 

          three–dimensional non–convex enclosure geometries with diffuse and grey

          surfaces, Applied Mathematics and Computation 159 (2004) 797 – 807. 

[16]   N. Qatanani , A. Barham and Q. Heeh, Existence and uniqueness of the                        solution of the coupled conduction–radiation  energy transfer on diffuse–gray surfaces, Surveys in Mathematics and its Applications Volume 2 (2007), 43- 58.  
[17]   N. Qatanani and Q. Heeh, On  existence and uniqueness  theorem concerning time-          dependent heat transfer model, Applications and Applied Mathematics : An  International Journal (AAM), Volume 3 , No. 2 , (December 2008 ), 235-253.         

[18]   M. Reed and  B. Siman, Methods of  Modern Mathematical Physics I: 

          Functional Analysis, Academic Press, New York, 1972. 

[19]    R. Saldanha and R. Martins, An alternative mathematical modeling for coupled 

           conduction / radiation energy transfer phenomenon in a system of n gray bodies 

           surrounded by a vacuum. Int. J. Non–Linear Mechanics, 30(4): 433 – 447, 1995.

[20]   R. Siegl and J. Howell, Thermal Radiation Heat Transfer, 4th ed., Hemisphere

          Publishing Corp., New York, 1992. 

[21]   E. Sparrow and R. Cess, Radiation heat transfer, 2nd ed., Hemisphere 

          Publishing Corp., Washington D.C.,1978.

[22]   T. Tiihonen, Stefan-Boltzmann radiation on non-convex surfaces, Math.

          Methods Appl. Sci., 20:47-57, 1997.

[23]   E. Zeidler, Nonlinear Functional Analysis and its Applications I: Fixed Point 

          Theorems, Springer–Verlag, 1986.

[24]   E. Ziedler, Nonlinear Functional Analysis and its Applications. II / B: Non– 

          Linear Monotone Operators, Springer–Verlag, 1990.

A2 qo2





A2 qi2





A1 qi1





Fig. (3.2)





A2





A1





A1





Fig. (3.1)





J





K





N





2





1





Fig. (2.8)





A2





A1





A2





Ai





AN





A6





A5





A4





A3





Fig. (2.7)





A1





Fig. (2.6)





A2





A1





Normal to dA2





Normal to dA1








Fig. (2.5)





dA1





T1


A1

















� EMBED Equation.DSMT4  ���





dA2





T2


A2





� EMBED Equation.DSMT4  ���





Normal to dA1





Normal to dA2





B





r





A2





Fig. (2.4)





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





d





dA2


T2





ө2





ө1





dA1


T1





S





L





h





Normal to dA2





S





S





dA 2


T2





A2


T2





ө2





ө1





Normal to dA1





dA 1


T1





Fig. (2.3)





ө2





d ß








Strip, 2





dA





dx 





ß





x





Z





S





Y





x





dA2


T2





dA1


T1





L





Fig. (2.2)





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





Fig. (2.1)





x





Z





S





L





Y





x





dA2


T2





dA1


T1





� EMBED Equation.DSMT4  ���





ß





A2





A3





Fig (2.9)





� EMBED Equation.DSMT4  ���





A1 qo1





Γ∗





∂Γ∗





� EMBED Equation.DSMT4  ���





Γγ	x





Γ∗





D1





� EMBED Equation.DSMγ4  ���





∂Γ∗








Γγ	x





� EMBED Equation.DSMT4  ���











� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���








PAGE  
23

_18293401.unknown

_1272228967.unknown

_1300614016.unknown

_1301779605.unknown

_1302187529.unknown

_1302190606.unknown

_1302191141.unknown

_1302866191.unknown

_1302866340.unknown

_1302866356.unknown

_1302866369.unknown

_1302866271.unknown

_1302191583.unknown

_1302417636.unknown

_1302417667.unknown

_1302192202.unknown

_1302192255.unknown

_1302192420.unknown

_1302192152.unknown

_1302191259.unknown

_1302191432.unknown

_1302191169.unknown

_1302190706.unknown

_1302190921.unknown

_1302190977.unknown

_1302190884.unknown

_1302190664.unknown

_1302190676.unknown

_1302190649.unknown

_1302188851.unknown

_1302189472.unknown

_1302190511.unknown

_1302190539.unknown

_1302190368.unknown

_1302189061.unknown

_1302189216.unknown

_1302189037.unknown

_1302188133.unknown

_1302188760.unknown

_1302188839.unknown

_1302188257.unknown

_1302187780.unknown

_1302187906.unknown

_1302187745.unknown

_1301860299.unknown

_1301861102.unknown

_1301923553.unknown

_1302115229.unknown

_1302115294.unknown

_1302113867.unknown

_1302114327.unknown

_1302114360.unknown

_1302084984.unknown

_1301861231.unknown

_1301861346.unknown

_1301861469.unknown

_1301861199.unknown

_1301860545.unknown

_1301860810.unknown

_1301860427.unknown

_1301839337.unknown

_1301841522.unknown

_1301843116.unknown

_1301843247.unknown

_1301841790.unknown

_1301841852.unknown

_1301841873.unknown

_1301841804.unknown

_1301841685.unknown

_1301839712.unknown

_1301840997.unknown

_1301839635.unknown

_1301798070.unknown

_1301838550.unknown

_1301797955.unknown

_1301668750.unknown

_1301677518.unknown

_1301774285.unknown

_1301777095.unknown

_1301778645.unknown

_1301774315.unknown

_1301774181.unknown

_1301774218.unknown

_1301773159.unknown

_1301669529.unknown

_1301670729.unknown

_1301677387.unknown

_1301669869.unknown

_1301669244.unknown

_1301669386.unknown

_1301669132.unknown

_1301600438.unknown

_1301601671.unknown

_1301667904.unknown

_1301667985.unknown

_1301667808.unknown

_1301601402.unknown

_1301601442.unknown

_1301600592.unknown

_1301590619.unknown

_1301591291.unknown

_1301591379.unknown

_1301590700.unknown

_1301573622.unknown

_1301576323.unknown

_1301590529.unknown

_1301576430.unknown

_1301575939.unknown

_1301572288.unknown

_1301572681.unknown

_1301573045.unknown

_1301572211.unknown

_1292614040.unknown

_1292618578.unknown

_1292620328.unknown

_1292620994.unknown

_1300587322.unknown

_1300587396.unknown

_1292621253.unknown

_1292623190.unknown

_1292621095.unknown

_1292620596.unknown

_1292620776.unknown

_1292620462.unknown

_1292619989.unknown

_1292620213.unknown

_1292620272.unknown

_1292620107.unknown

_1292619681.unknown

_1292619725.unknown

_1292619625.unknown

_1292619555.unknown

_1292616480.unknown

_1292617208.unknown

_1292618282.unknown

_1292618348.unknown

_1292617483.unknown

_1292617093.unknown

_1292614450.unknown

_1292614763.unknown

_1292614220.unknown

_1292605448.unknown

_1292613039.unknown

_1292613659.unknown

_1292613935.unknown

_1292613226.unknown

_1292610985.unknown

_1292611046.unknown

_1292609909.unknown

_1272644173.unknown

_1273703002.unknown

_1273737303.unknown

_1273737334.unknown

_1273749748.unknown

_1273703189.unknown

_1273270621.unknown

_1273270954.unknown

_1273351009.unknown

_1273702922.unknown

_1273348913.unknown

_1273270853.unknown

_1273267304.unknown

_1273269706.unknown

_1273183876.unknown

_1273184083.unknown

_1272644261.unknown

_1272643970.unknown

_1272644067.unknown

_1272318163.unknown

_1272564869.unknown

_1272566369.unknown

_1272566541.unknown

_1272564942.unknown

_1272401566.unknown

_1272401690.unknown

_1272318702.unknown

_1272229431.unknown

_1272229615.unknown

_1272229125.unknown

_1243516529.unknown

_1244128394.unknown

_1271364366.unknown

_1271605348.unknown

_1271700858.unknown

_1271852170.unknown

_1272046753.unknown

_1272047131.unknown

_1272059255.unknown

_1272135444.unknown

_1272204219.unknown

_1272228887.unknown

_1272137396.unknown

_1272135353.unknown

_1272059156.unknown

_1272059228.unknown

_1272058474.unknown

_1272059133.unknown

_1272047162.unknown

_1272046847.unknown

_1272046914.unknown

_1272046817.unknown

_1272044908.unknown

_1272045059.unknown

_1272046731.unknown

_1272044996.unknown

_1272043961.unknown

_1272044011.unknown

_1271884067.unknown

_1271972035.unknown

_1271883893.unknown

_1271883727.unknown

_1271714194.unknown

_1271851154.unknown

_1271851357.unknown

_1271714998.unknown

_1271701006.unknown

_1271714193.unknown

_1271700925.unknown

_1271687166.unknown

_1271698649.unknown

_1271699715.unknown

_1271700548.unknown

_1271699502.unknown

_1271697529.unknown

_1271698400.unknown

_1271690045.unknown

_1271689217.unknown

_1271689759.unknown

_1271622787.unknown

_1271684994.unknown

_1271686962.unknown

_1271684852.unknown

_1271606687.unknown

_1271622262.unknown

_1271606591.unknown

_1271451505.unknown

_1271455316.unknown

_1271604783.unknown

_1271605184.unknown

_1271599248.unknown

_1271604471.unknown

_1271599247.unknown

_1271452905.unknown

_1271453075.unknown

_1271452882.unknown

_1271438810.unknown

_1271440576.unknown

_1271451443.unknown

_1271438899.unknown

_1271367147.unknown

_1271370551.unknown

_1271366882.unknown

_1246129657.unknown

_1246255649.unknown

_1271276297.unknown

_1271364079.unknown

_1271364303.unknown

_1271276410.unknown

_1271363984.unknown

_1249659593.unknown

_1249810807.unknown

_1271274862.unknown

_1249736856.unknown

_1246129903.unknown

_1246255617.unknown

_1246129764.unknown

_1246031760.unknown

_1246034179.unknown

_1246129539.unknown

_1246129601.unknown

_1246115200.unknown

_1246116263.unknown

_1246116465.unknown

_1246116655.unknown

_1246129142.unknown

_1246116570.unknown

_1246116305.unknown

_1246115984.unknown

_1246116193.unknown

_1246034558.unknown

_1246114253.unknown

_1246034557.unknown

_1246033351.unknown

_1246033493.unknown

_1246033811.unknown

_1246033453.unknown

_1246032795.unknown

_1246032820.unknown

_1246032098.unknown

_1246028467.unknown

_1246029282.unknown

_1246031354.unknown

_1246028609.unknown

_1246027780.unknown

_1246028354.unknown

_1246027639.unknown

_1244128418.unknown

_1243520447.unknown

_1244035352.unknown

_1244102881.unknown

_1244103998.unknown

_1244104758.unknown

_1244105285.unknown

_1244105399.unknown

_1244105452.unknown

_1244105685.unknown

_1244105321.unknown

_1244105151.unknown

_1244105199.unknown

_1244105093.unknown

_1244104546.unknown

_1244104598.unknown

_1244104424.unknown

_1244103782.unknown

_1244103868.unknown

_1244103876.unknown

_1244103832.unknown

_1244103129.unknown

_1244103587.unknown

_1244103067.unknown

_1244036427.unknown

_1244102667.unknown

_1244102784.unknown

_1244036583.unknown

_1244036304.unknown

_1244036415.unknown

_1244035962.unknown

_1243688992.unknown

_1243796222.unknown

_1243866422.unknown

_1243949421.unknown

_1243971421.unknown

_1244014179.unknown

_1244015955.unknown

_1244016668.unknown

_1244017075.unknown

_1244017168.unknown

_1244016927.unknown

_1244016613.unknown

_1244015398.unknown

_1244015649.unknown

_1244014362.unknown

_1243973466.unknown

_1243973836.unknown

_1243973106.unknown

_1243970254.unknown

_1243970851.unknown

_1243970949.unknown

_1243970676.unknown

_1243949904.unknown

_1243969762.unknown

_1243949650.unknown

_1243945798.unknown

_1243948822.unknown

_1243948973.unknown

_1243949236.unknown

_1243948867.unknown

_1243947008.unknown

_1243947241.unknown

_1243947290.unknown

_1243947373.unknown

_1243947066.unknown

_1243946550.unknown

_1243946610.unknown

_1243946469.unknown

_1243925802.unknown

_1243945427.unknown

_1243945703.unknown

_1243926570.unknown

_1243866682.unknown

_1243866824.unknown

_1243866538.unknown

_1243798254.unknown

_1243865727.unknown

_1243866335.unknown

_1243866375.unknown

_1243866272.unknown

_1243865228.unknown

_1243865585.unknown

_1243865183.unknown

_1243798479.unknown

_1243864749.unknown

_1243797700.unknown

_1243797785.unknown

_1243797936.unknown

_1243796525.unknown

_1243796769.unknown

_1243797625.unknown

_1243796469.unknown

_1243769325.unknown

_1243770397.unknown

_1243795772.unknown

_1243795877.unknown

_1243796014.unknown

_1243794511.unknown

_1243795648.unknown

_1243795685.unknown

_1243794715.unknown

_1243770428.unknown

_1243770368.unknown

_1243770380.unknown

_1243770109.unknown

_1243770326.unknown

_1243690028.unknown

_1243690621.unknown

_1243690758.unknown

_1243690448.unknown

_1243689863.unknown

_1243689933.unknown

_1243689199.unknown

_1243622100.unknown

_1243688279.unknown

_1243688834.unknown

_1243688936.unknown

_1243688800.unknown

_1243622436.unknown

_1243688241.unknown

_1243622156.unknown

_1243621173.unknown

_1243621696.unknown

_1243621755.unknown

_1243621606.unknown

_1243620749.unknown

_1243621108.unknown

_1243620822.unknown

_1243620986.unknown

_1243572492.unknown

_1243518750.unknown

_1243519536.unknown

_1243519688.unknown

_1243520159.unknown

_1243520400.unknown

_1243519854.unknown

_1243519653.unknown

_1243518883.unknown

_1243518786.unknown

_1243517546.unknown

_1243517726.unknown

_1243517763.unknown

_1243517689.unknown

_1243516942.unknown

_1243516984.unknown

_1243516569.unknown

_1043260578.unknown

_1043743217.unknown

_1243515975.unknown

_1243516287.unknown

_1243516403.unknown

_1243516008.unknown

_1045658124.unknown

_1243515882.unknown

_1043863314.unknown

_1043864191.unknown

_1045585873.unknown

_1043864479.unknown

_1043863650.unknown

_1043743433.unknown

_1043861619.unknown

_1043743378.unknown

_1043339567.unknown

_1043730141.unknown

_1043730991.unknown

_1043732559.unknown

_1043730938.unknown

_1043686076.unknown

_1043730113.unknown

_1043727222.unknown

_1043339784.unknown

_1043339824.unknown

_1043289519.unknown

_1043289635.unknown

_1043306590.unknown

_1043337911.unknown

_1043290983.unknown

_1043289595.unknown

_1043260851.unknown

_1043261297.unknown

_1043260771.unknown

_1042338678.unknown

_1043254954.unknown

_1043258577.unknown

_1043259488.unknown

_1043260522.unknown

_1043259413.unknown

_1043255332.unknown

_1043258380.unknown

_1043255215.unknown

_1043126313.unknown

_1043254276.unknown

_1042342139.unknown

_1042343889.unknown

_1042344153.unknown

_1042341793.unknown

_18296937.unknown

_1042303108.unknown

_1042338157.unknown

_18297512.unknown

_18293637.unknown

_18296881.unknown

_18293497.unknown

_15106893.unknown

_15171432.unknown

_15258088.unknown

_15286839.unknown

_15291365.unknown

_15426889.unknown

_16121466.unknown

_16155504.unknown

_18293339.unknown

_16155636.unknown

_16155397.unknown

_15458774.unknown

_16121395.unknown

_15436621.unknown

_15291774.unknown

_15292553.unknown

_15426775.unknown

_15292156.unknown

_15291558.unknown

_15290881.unknown

_15291032.unknown

_15291126.unknown

_15290171.unknown

_15286954.unknown

_15258590.unknown

_15286108.unknown

_15286560.unknown

_15285803.unknown

_15258362.unknown

_15258485.unknown

_15258195.unknown

_15253364.unknown

_15254134.unknown

_15257534.unknown

_15257660.unknown

_15257222.unknown

_15253602.unknown

_15253905.unknown

_15253449.unknown

_15176106.unknown

_15253058.unknown

_15253190.unknown

_15252401.unknown

_15252660.unknown

_15172480.unknown

_15172965.unknown

_15173037.unknown

_15173465.unknown

_15172862.unknown

_15172134.unknown

_15172214.unknown

_15171517.unknown

_15157852.unknown

_15159974.unknown

_15170067.unknown

_15170153.unknown

_15160207.unknown

_15158641.unknown

_15159151.unknown

_15158315.unknown

_15157190.unknown

_15157606.unknown

_15157738.unknown

_15157353.unknown

_15156953.unknown

_15157061.unknown

_15109116.unknown

_11834176.unknown

_12263478.unknown

_15023936.unknown

_15106038.unknown

_15106480.unknown

_15106674.unknown

_15106280.unknown

_15105491.unknown

_15105641.unknown

_15102282.unknown

_14081424.unknown

_15007631.unknown

_15007776.unknown

_15023824.unknown

_15007710.unknown

_14940506.unknown

_15007424.unknown

_15007521.unknown

_14940535.unknown

_14668822.unknown

_14669024.unknown

_14668908.unknown

_14668773.unknown

_14077181.unknown

_14080852.unknown

_14081263.unknown

_14080830.unknown

_12866415.unknown

_13995758.unknown

_12348122.unknown

_11914168.unknown

_11999709.unknown

_12011196.unknown

_12011867.unknown

_12091646.unknown

_12092329.unknown

_12013022.unknown

_12013067.unknown

_12012097.unknown

_12011626.unknown

_12011768.unknown

_12011263.unknown

_12000868.unknown

_12004516.unknown

_12000658.unknown

_11999732.unknown

_12000137.unknown

_11922997.unknown

_11997090.unknown

_11997249.unknown

_11984063.unknown

_11919412.unknown

_11921350.unknown

_11919231.unknown

_11835538.unknown

_11836055.unknown

_11836309.unknown

_11835615.unknown

_11834958.unknown

_11835039.unknown

_11834894.unknown

_11662084.unknown

_11833305.unknown

_11834107.unknown

_11834137.unknown

_11834027.unknown

_11662689.unknown

_11812535.unknown

_11662550.unknown

_11662619.unknown

_11662264.unknown

_11661601.unknown

_11661788.unknown

_11661996.unknown

_11661700.unknown

_10879661.unknown

_11089790.unknown

_11661399.unknown

_10879703.unknown

_10880239.unknown

_10531497.unknown

_10541215.unknown

_10531326.unknown

_10420052.unknown

